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METHOD AND APPARATUS FOR
FORMATTING OCR TEXT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to formatting text obtained
by optical character recognition (OCR) from a scanned
image. Such text i1s referred to herein as OCR text. More
specifically, the invention relates to selection of a typeface
and/or font for the display of OCR text. One application of
the invention 1s to facilitate the selection of text from
displayed OCR text.

2. Description of Related Art

When generating OCR text from an image, or when
copying a section of OCR text, it 1s often desirable to
maintain the original typeface and font size of the original
document, to produce an OCR version of the document
having the same text format.

There are many known techniques for analyzing OCR text
to establish a typeface and font size, and also for copying
formatted text into a computer application program (such as

a word processing program). Examples of known techniques
are described 1n the following U.S. Pat. Nos. 5,860,074;

5,185,818; 5,889,897; 5,623,681; 5,729,637, 5,625,711,
5,689,585; 5,754,873; 5,778,403; 5,438,657; 4,887,301;
5,953,453; 5,883,974, 5,668,891; 5,513,277; and 5,253,307

The known techniques for determining the type and font
size of OCR text generally rely on an analysis of individual
characters (e.g., character width or thickness) to obtain a
best fitting typeface and font size for the character. However,
such a technique 1s particularly prone to errors caused by
noise 1n the image, which might make the individual char-
acters difficult to characterize 1n terms of a typeface and a
font size.

SUMMARY OF THE INVENTION

It would be advantageous to provide an alternative tech-
nique which can be easier to 1implement and which 1s not
limited to character-by-character analysis.

Broadly speaking, one aspect of the present invention 1s
to determine a typeface setting and/or a font size setting for
OCR text based on matching a word size instead of an
individual character size as in the prior art.

Using a word size instead of an individual character can
provide the following advantages:

a) Reduced processing time (as the number of words is
less than the number of characters);

b) In order to match character widths, it is necessary to
define exactly which part of an 1mage corresponds to a
particular character, 1.€. to segment a word 1nto indi-
vidual characters. For poor quality binary images, there
may be multiple candidate segmentations of an 1mage
of a word 1nto 1ts component characters. In contrast, it
1s much easier to segment an 1mage into separate words
with less ambiguity.

¢) Image heights and widths are based on the number of
pixels. The fractional accuracy of measuring the width
of a character 1n an 1mage 1s on average much worse
than the fractional accuracy of measuring the width of
a word 1n an 1mage.

d) Typefaces are characterized not only by the shapes and
sizes ol characters but also by character spacing.
Matching on the basis of character widths does not take
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this into account, and so loses this important informa-
tion. In contrast, matching on the basis of word lengths
inherently takes into account the spacing of adjacent
characters 1n the word.

In one form, the invention provides a technique compris-

Ing:

(a) calculating for each word and for each of a plurality of
possible typefaces (also referred to herein as candidate
typefaces) a scaling factor to match a typeface render-
ing of the word to the size (e.g., width) of the word in
the scanned 1mage; and

(b) analyzing the variation of the calculated scaling fac-
tors for a typeface to 1dentify whether the typeface 1s a
good fit to a plurality of the words.

The term “typeface rendering” means a rendering of the

word when the typeface 1s applied thereto.

The above technmique relies on the principle that it 1s
possible to match any typeface to any word width (and
height) by the use of suitable scaling factors (equivalent to
a font size). However, by analyzing the scaling factors
required to fit the typeface to a plurality of words, 1t 1s
possible to establish whether the typeface 1s 1n reality a good
match to the original typeface in the origimally scanned
image. If the scaling factor remains relatively constant, then
the typetface 1s a good match. However, 1f the scaling factor
varies considerably from word to word, then this indicates
that the typeface 1s not a good match.

Preferably, the calculated scaling factors are analyzed by
identifying one or more clusters of the scaling factors
indicative of the typeface being a good {it to a plurality of the
words.

Preferably, a plausible size range 1s used to determine the
size of the word in the scanned 1image. Preferably, the size
range 15 defined by a plausible minimum size and a plausible
maximum size. This can take into account that, due to poor
image quality or image noise, 1t may be difficult to determine
the precise size (in pixels) of the word in the image.
Nevertheless, 1t will be appreciated that applying such a
range to a word 1s far more accurate than having to 1dentily
the size of an individual character (letter) in conventional
techniques.

Preferably, the invention 1s used in combination with a
word-to-word selection tool for enabling a user to select a
section of text 1n a pseudo-image of a document 1n which a
text portion of the document 1image 1s replaced by an OCR
processed and typeface rendered image of the words of the
text.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting embodiments of the invention are now
described, by way of example only, with reference to the
accompanying drawings 1n which:

FIG. 1 1s a schematic representation of a process for
ogenerating OCR text from a scanned document image;

FIG. 2 1s a schematic flow diagram showing the principles
of typeface/font size determination;

FIG. 3 1s a schematic representation of a scanned word,;

FIGS. 4(a), (b) and (c) are schematic representations of
the same word rendered 1n three candidate typefaces;

FIG. 5 1s a schematic representation of scaling factors for

scaling the rendered bounding boxes of FIGS. 4(a), 4(b) and
4(c) to match the size of the bounding box from FIG. 3;

FIG. 6 1llustrates a table structure for data for each word;

FIG. 7 1llustrates a method of cluster analysis for 1denti-
fying one of more optimum {itting typefaces; and
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FIG. 8 1s a schematic representation of functional com-
ponents of an OCR display system with a word selection
tool.

DETAILED DESCRIPTION

FIG. 1 shows the functional steps of a simplified embodi-
ment for displaying OCR text from a scanned document
image, to illustrate the principles of this invention. A second
more eclaborate embodiment using a selection tool 1s
described later with reference to FIG. 8.

Referring to FIG. 1, the process comprises a first step 10,
at which an 1image of a document 1s acquired. The 1image
may be obtained from any suitable scanner or document
camera which generates a digitized pixel image. At step 12,
the digitized 1image 1s processed using an OCR algorithm to
identify individual characters according to their shape and
pattern. Many suitable OCR algorithms are known to one
skilled 1n the art, and need not be described further here.

At step 14, a text format identification 1s carried out to
identily the typeface and font size of the original text in the
scanned 1mage, so that the OCR text can be formatted to
match the original. The text format identification 1s
described 1in more detail below.

At step 16, the OCR text is rendered (e.g., displayed)
using the 1dentified typeface and font size, to provide the
closest resemblance to the original text.

Referring to FIGS. 27, the text format identification (step
14) is now described for identifying the typeface and font
size of the original text.

One of the principles of this embodiment 1s to identify a
typeface and a font size by comparing the “sizes” of words
in the scanned 1mage, to the “sizes” of the corresponding
OCR words (i.e., after OCR) when rendered with a plurality
of different possible typefaces (referred to as candidate
typefaces). In this embodiment, the “size” of the word is
represented by a rectangular bounding box around the word.

For each word in a defined section of text (e.g., a
paragraph), the scaling factor required to “fit” each typeface
to the size of the word 1n the originally scanned 1image 1s
calculated. When this 1s repeated for all of the words 1n a
section of text, the result is a plurality of statistical clusters
of scaling factors for the different words and typefaces. The
tightest clusters indicate a good typeface fit, whereas spread
clusters 1ndicate a poor typeface {it.

In this embodiment, account 1s also taken of a confidence
factor in determining the “size” of a word in the original
scanned 1mage. Due to noise 1n the scanned 1mage, 1t will
typically be impossible to i1dentify precisely the size of a
bounding box around the word. Instead, maximum and
minimum plausible sizes are determined within which the
actual size of the word exists. This means that each calcu-
lated scaling factor above 1s 1n fact a range of possible
scaling factors which fit the typeface within the maximum
and minimum sizes of the word in the original 1mage.

In more detail, 1in the process of FIG. 2, at step 20, each
word 1n the defined section of text in the original scanned
image 22 1s processed to identily the size of the word,
represented by the size of a bounding box around the word.
In order to avoid the difficulties of determining the word size
precisely, a confidence model 24 1s applied to determine the
maximum plausible height and width of the word (within
which all of the plausible pixels lie) and the maximum
plausible height and width of the word (within which the
statistical majority of plausible pixels lie).

FIG. 3 1llustrates an example of the word “to” 1n a scanned
image. The outlines of the letters forming the word are
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slightly noisy, meaning that it 1s difficult to idenfify the
height and width of the word precisely (although it will be
appreciated that the problems are far less than those to
identify each individual letter size, as 1n prior art
techniques). Instead, it can be said that, to a high degree of
“confldence”, the maximum plausible width 1s 60 pixels, and
the mimmmum plausible width 1s 52 pixels. The maximum
plausible height 1s 50 pixels, and the minimum plausible
height 1s 44 pixels. In other words, the word’s width-x-
height lies somewhere in the ranges [52, 60]x[ 44, 50].

At step 26, the corresponding word 1s processed in the
OCR text 28 by applying a plurality of candidate typefaces
30, and calculating the basic size of the word for each
candidate typeface. Such a size is referred to herein as the
typeface rendered size, and 1s represented by a bounding box
around the word.

FIGS. 4(a), (b) and (c) illustrate the typeface rendered
sizes for the word “to” when different candidate typefaces
are applied: 120 point Times New Roman in FIG. 4(a); 120
point Helvetica in FIG. 4(b); and 120 point Courier New in
FIG. 4(c). No confidence model need be used because the
typeface has a precise height and width, and the typeface
rendered size of the word can be calculated accurately. The
width x height typeface rendered sizes for the word 1n FIGS.
4(a), (b) and (c) are respectively: 118x94 pixels; 122x110
pixels; and 168x94 pixels.

At step 32, horizontal and vertical scaling factors are
calculated for “fitting” each typeface rendering of the word
to the actual size determined at step 20. Since the actual size
is represented as a range (i.e., the maximum and minimum
plausible values), each scaling factor is also expressed as a
range of scaling factors to {it the maximum and minimum
plausible sizes.

FIG. 5 1llustrates graphically the scaling factors calculated
for fitting the typeface rendered sizes of FIGS. 4(a), (b) and
(¢) to the maximum and minimum plausible sizes of FIG. 3.
In FIG. §, the x-axis is the horizontal (width) scale factor,
and the y-axis is the vertical (height) scale factor. The
calculated scaling factors for the different typefaces are
represented as rectangles, whose corners are defined by the
horizontal and vertical scaling factors which fit the typeface
to the minimum and maximum plausible sizes of the original
word. Each rectangle represents a scaling factor “confidence
interval” within which the typeface (at that scale) matches
the size of the word 1n the originally scanned image.

The above process 1s repeated for each word 1n the defined
section of text (typically a paragraph), and the typeface
scaling factor “confidence intervals” calculated for each
word are stored. It will be appreciated that different words
will produce different confidence intervals. However, for the
closest matching typeface, the confidence intervals for dif-
ferent words will be relatively tightly clustered together, or
have a relatively high coincidence (indicating that roughly
the same scaling factor needs to be applied to fit the words
in the originally scanned image). In contrast, for a poor
fitting typeface, the confidence intervals will be more spread
out (indicating that the scaling factor has to be varied from
word to word 1n order to fit the typeface to the word sizes 1n
the originally scanned image).

FIG. 6 1illustrates an example table entry structure for
stored data for each word in the section of text. The table
includes the maximum and minmimum plausible sizes 34 of
the word 1n the originally scanned image, a plurality of
confidence intervals 36a, 36b, and 36¢ representing the
confidence intervals for the different typefaces, a flag 38
indicating whether the word has yet been allocated a speciiic
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typeface, an allocated typeface 40, and an allocated font size
(or scaling factor) 42. Initially, prior to the cluster analysis,
the flags are set to indicate that no typeface has yet been
allocated to the word, and that the word 1s therefore avail-
able 1n an analysis list awaiting typeface allocation.

Cluster analysis of the stored data 1s performed at step 44
(FIG. 5) to identify clusters of scaling factors indicative of
the best fit. Referring to FIG. 7, the analysis comprises a first
step 46 of identifying, for each typetface t, the range of width
scale factors that 1s contained i1n the width scale factor
confidence interval of the largest number n(t) of words.

At step 48, the typeface t* having the largest n(t) is
selected as representing the best fitting typeface for those
words n(t), and the allocated typeface is stored in the table
field 40 (FIG. 6) for each of the n(t) words. The font size 42
is calculated from the confidence interval for that word (for
the allocated typeface). Next, at step 50, those words n(t) for
the selected typeface t* are removed from the analysis list,
by setting the flag for the word to 1indicate that the typeface
has been allocated.

At step 52, the process 1s repeated for the remaining
words 1n the analysis list, by returning to step 46 to identity
the best fitting typeface for the remaining words. The
method repeats until it 1s detected (at step 52) that the
number of words in the analysis list has fallen below a
certain threshold (e.g., 5% of the original number of words
being analyzed). Once that threshold is reached, the cluster
analysis process ends, and proceeds to step 54.

At step 54, any remaining words in the analysis list (i.e.,
any words to which a typeface has not yet been allocated)
are assigned the same typeface as the words closest to them
(in reading order), and are scaled to match the size of the
word 1n the originally scanned 1image.

It will be appreciated that, at step 48, 1t 1s possible that the
number n(t) may be the same for two different typefaces,
indicating that the two typefaces are equally weighted for
their particular sets of words n(t). In that case, a preferred
typeface 1s selected on the basis of the previous cycle of the
cluster analysis. When this 1s not possible, the typeface is
selected on the basis of the next cycle of the procedure 1n
which there 1s no tie. In the unlikely event of ties at all
stages, a fixed preference order for allocating the typefaces
can be used.

The above analysis procedure 1s merely an example of
one technique for identifying clusters, and different tech-
niques may be used as desired. In particular, an agglomera-
five technique may be used to exploit the idea that neigh-
boring words tend to have the same fonts.

FIG. 8 1illustrates the functional components of a second
embodiment of the mvention. In FIG. 8, a system 60 is
illustrated for processing the output from a document-
scanning device 62. The system comprises memory 64 for
storing the pixel image from the scanning device 62, an
OCR processor 66 for performing OCR on one or more text
sections of the 1mage, and a text format processor 68 for
identifying the typeface and font size of the text using the
OCR text and the originally scanned image. The format
processor 68 operates m a similar manner to the first
embodiment by calculating the scaling factors required to {it
various candidate typefaces to the OCR text on a word-by-
word basis, and 1dentifying clusters of such scaling factors
indicative of a good fit over several words.

The system further comprises a display generator 70 for
ogenerating a display of the scanned image with the text
sections replaced by the OCR text formatted using the
identified typeface and font size, to produce a matching {it.
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Additionally, the system mcludes a word-to-word selection
tool 72 for enabling a user to select portions of the text for
copying to an external application program, such as a
word-processing program or a publishing program. The
word-to-word selection tool 72 operates by selecting por-
tions of the text in units of whole words.

Thus, 1n this embodiment, a rendered version of the OCR
text 1s displayed 1n place of the original text portion of the
image, and the selection of text using the word-to-word
selection tool operates on the OCR text. This can provide the
following advantages:

a) The text in a captured image can often appear indistinct
and be difficult for a user to read on a screen. Display-
ing OCR text 1in 1ts place provides a more easily
readable 1mage; and

b) By viewing the OCR text, the user can easily identify
at an early stage (and in particular before any text is
copied) whether any errors have been included in the
OCR process, either 1in terms of the individual character
recognition, or 1n terms of the typeface and font sizes
of the text.

Although 1n FIG. 8 the functional components of the
system 60 are shown as separate units, 1t will be appreciated
that one or more of the components may be implemented by
executable software.

It will be appreciated that the mmvention, particularly as
described 1n the preferred embodiments can provide signifi-
cant advantages over conventional character-by-character
based techniques for determining a typeface and a font size
to format OCR text. Although the invention 1s not limited to
use with a selection tool (e.g., a word-to-word selection
tool), this is a powerful combination which enables a user to
work on a scanned 1mage of a document which 1s 1n fact an
OCR processed 1mage.

It will be appreciated that the forgoing description is

merely 1llustrative of preferred embodiments of the
invention, and that many modifications and equivalents will

occur to one skilled 1n the art with the scope and spirit of the
invention.

What 1s claimed 1s:

1. A method of determining a typeface for a plurality of
words derived from a scanned 1mage of text, the method
comprising:

providing a plurality of candidate typefaces;

calculating for each typeface and for each word a scaling

factor to match a typeface rendering of the word to the
size of the word 1n the scanned 1mage; and

analyzing the calculated scaling factors to identify a
typeface which matches a plurality of the words;

wherein said analyzing the scaling factors comprises
identifying one or more clusters of the scaling factors
indicative of a good {it of the typeface to a plurality of
the words.

2. A method according to claim 1, wherein the scaling
factor comprises a width component and a height compo-
nent.

3. A method according to claim 1, wherein the size of the
word 1n the scanned i1mage 1s represented as a range of
possible sizes between a minimum plausible size and a
maximum plausible size.

4. A method according to claim 3, wherein the step of
calculating a scaling factor comprises calculating a scaling
factor range for fitting the typeface rendering of the word to
sald minimum and maximum plausible sizes of the word 1n
the scanned 1mage.

5. A method according to claim 1, wherein the size of the
word 1n the scanned 1mage 1s represented as the dimensions
of a bounding box around the word.
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6. A method according to claim 1, further comprising the
step of determining the size of each word 1n the scanned
image.

7. A method according to claim 1, wherein the step of
analyzing the scaling factors comprises a first step of 1den-
tifying for each typeface one or more optimum scaling
factors which fit the largest number of words for that
typeface.

8. A method according to claim 7, wherein the one or
more optimum scaling factors form a range of optimum
scaling factors.

9. A method according to claim 7, wherein the step of
analyzing the scaling factors further comprises a second step
of selecting the typeface having the largest number of words
to which the optimum scaling factor frtted the typeface 1n the
first step.

10. A method according to claim 9, further comprising
allocating the selected typeface to the words to which the
typeface fits with the optimum scaling factor, and repeating
the first and second steps for other words to which no
typeface has been allocated.

11. A method according to claim 1, further comprising:

determining for each word derived from the scanned
image of text a maximum plausible bounding box size
and a minimum plausible bounding box size;

determining for each typeface rendering of each word a
bounding box size; and

wherein each calculated scaling factor 1s a range of
possible scaling factors which it each typeface render-
ing bounding box size within the maximum plausible
bounding box size and the minimum plausible bound-
ing box size of each word from the scanned 1mage.
12. A computer program stored in a computer readable
medium which when executed on a computer implements a
method of determining a typeface for a plurality of words
derived from a scanned 1mage of text, the method compris-
Ing:
providing a plurality of candidate typefaces;

calculating for each typeface and for each word a scaling
factor to match a typeface rendering of the word to the
size of the word 1n the scanned 1mage; and

analyzing the calculated scaling factors to identify a
typeface which matches a plurality of the words;

wherein said analyzing comprises 1dentifying one or more
clusters of scaling factors for a typeface indicative of a
ogood it of the typeface to a plurality of the words.
13. A computer program according to claim 12, wherein
the method further comprises:

determining for each word derived from the scanned
image of text a maximum plausible bounding box size
and a minimum plausible bounding box size;

determining for each typeface rendering of each word a
bounding box size; and
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wheremn each calculated scaling factor 1s a range of
possible scaling factors and

which fit each typeface rendering bounding box size
within the maximum plausible bounding box size and
the minimum plausible bounding box size of each word
from the scanned image.

14. A system for determining a typeface for a plurality of
words derived from a scanned image of text, the system
comprising:

an 1mage analyzer for identifying the original size of each

word 1n the scanned 1mage;

a typeface processing device for calculating for each of a
plurality of candidate typefaces and for each word, a
scaling factor to match a typeface rendering of the word
to said original size of the word 1n the scanned 1mage;
and

a cluster processor device for identilying one or more
clusters of scaling factors for a typeface indicative of a
ogood it of the typeface to a plurality of the words.

15. A system according to claim 14, further comprising a
typeface allocator for allocating a typeface to a word on the
basis of the identified clusters.

16. A system according to claim 14, further comprising an
optical character recognition processor for performing opti-
cal character recognition for deriving said words from the
scanned 1mage.

17. A system according to claim 14, further comprising a
display generator for generating a display including the
derived words rendered using the allocated typeface for each
word.

18. A system according to claim 14, wherein the display
generator 1s operative to generate a first display region
including said words rendered using the allocated typeface,
and a second region imncluding a non-text region of the
scanned 1mage.

19. A system according to claim 18, further comprising a
word based selection tool for enabling selection of one or

more words from the first display region.
20. A system according to claim 14, wherein:

the 1mage analyzer 1dentifies for the original size of each
word derived from the scanned 1mage of text a maxi-
mum plausible bounding box size and a minimum
plausible bounding box size; and

the typeface processing device determines for each type-
face rendering of each word a bounding box size and
calculates for each calculated scaling factor a range of
possible scaling factors which fit each typeface render-
ing bounding box size within the maximum plausible
bounding box size and the minimum plausible bound-
ing box size of each word from the scanned i1mage.
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